The role of cerebellar circuits in the acquisition of new motor abilities is still a matter of intensive debate. To establish the contribution of posterior interpositus nucleus (PIN) to the performance and/or acquisition of reflex and classically conditioned responses (CRs) of the eyelid, the effects of microstimulation and/or pharmacological inhibition by muscimol of the nucleus were investigated in conscious cats. Microstimulation of the PIN in naive animals evoked ramp-like eyelid responses with a wavy appearance, without producing any noticeable plastic functional change in the cerebellar and brainstem circuits involved. Muscimol microinjections decreased the amplitude of reflex eyeblinks evoked by air puffs, both when presented alone or when paired with a tone as conditioned stimulus (CS). In half-conditioned animals, muscimol injections also decreased the amplitude and damped the typical wavy profile of CRs, whereas microstimulation of the same sites increased both parameters. However, neither muscimol injections nor microstimulation modified the expected percentage of CRs, suggesting a major role of the PIN in the performance of eyelid responses rather than in the learning process. Moreover, the simultaneous presentation of CS and microstimulation in well trained animals evoked CRs similar in amplitude to the added value of those evoked by the two stimuli presented separately. In contrast, muscimol-injected animals developed CRs to paired CS and microstimulation presentations, larger than those evoked by the two stimuli when presented alone. It is concluded that the PIN contributes to the enhancement of both reflex and conditioned eyelid responses and to the damping of resonant properties of neuromuscular elements controlling eyelid kinematics.
Introduction
The neural structure(s) in which learning takes place, as well as the putative mechanisms involved, is currently a matter of intensive research and debate (Woody, 1986; Bliss and Collingridge, 1993; Malenka, 1995; Medina et al., 2002; Christian and Thompson, 2003) . With respect to the classical conditioning of the nictitating membrane-eyelid response, the involvement of the cerebellar cortex and/or the underlying deep nuclei in the acquisition and storage of these learned motor responses has been suggested (Llinás and Welsh, 1993; Carey and Lisberger, 2002; Christian and Thompson, 2003) . In particular, some not yet well defined regions of the anterior and/or posterior interpositus nuclei (PIN) have been proposed to be the sites involved in this type of associative learning (Krupa et al., 1993; Mauk, 1997; Bracha et al., 2001) . Indeed, specific areas of the interpositus nucleus are involved in eyelid responses, as recently confirmed by retrograde transneuronal tracing with rabies virus in rats (Morcuende et al., 2002) , lesions and pharmacological studies in rabbits and cats (Yeo et al., 1985; Krupa et al., 1993; Hardiman et al., 1996; Mauk, 1997; Bracha et al., 1999; Christian and Thompson, 2003) , and unitary recordings in conscious cats (Gruart et al., 2000) .
A still-open question refers to the contribution of cerebellar circuits to eyelid conditioned responses (CRs). On the one hand, many lesion and pharmacological studies suggest that the interpositus nuclei could be the site for this motor learning (Krupa et al., 1993; Mauk, 1997; Bracha et al., 2001) , although others have suggested that the cerebellum is mostly involved in the performance of CRs (Welsh and Harvey, 1989, 1991; Welsh, 1992; Gruart et al., 2000; Delgado-García and Gruart, 2002; Seidler et al., 2002) or in their proper timing (Garcia and Mauk, 1998; Koekkoek et al., 2003) , but not in the acquisition itself. Moreover, electrophysiological recordings of selected cerebellar nuclei sites related to eyelid kinematics (Morcuende et al., 2002) have shown that the firing of identified nuclei neurons lag (rather than precede) the initiation of reflex and conditioned eyelid responses, at least in cats (Gruart and Delgado-García, 1994; Gruart et al., 2000) , suggesting that the cerebellum is not involved in the initiation but rather in the regulation and timing of learned eyelid responses.
In the present study, we consider the contribution of the PIN to both acquisition and performance of eyelid CRs. For this aim, we performed unitary recordings of deep nuclei neurons to locate eyelid-related neural sites and implanted a guide cannula in the selected area. Cannula implantation allowed us the repeated manipulation of the same region (by microstimulation and/or muscimol microinjection), and because we used the magnetic search-coil technique for the eyelid position recording over time, we were able to relate manipulations of the PIN to the acquisition of eyelid CRs, affecting either their percentage or their kinematics, timing, and oscillatory properties. Results indicated that facilitation (by microstimulation) or disfacilitation (by muscimol injection) of PIN neurons does not modify the acquisition of eyelid CRs but greatly modifies their performance, oscillatory properties, timing, and internal structure.
Materials and Methods
Subjects. Experiments were performed on nine adult female cats weighing 2.1-2.7 kg. Animals were obtained from an authorized supplier (IFFA Credo, Arbresle, France). All of the experiments were performed in accordance with guidelines of the European Union (86/609/EU) for the use of laboratory animals in chronic experiments.
Surgical procedures. Animals were anesthetized with sodium pentobarbital (35 mg/kg, i.p.) after an injection of atropine sulfate (0.5 mg/kg, i.m.) to prevent unwanted vagal reflexes. Animals were implanted with a search coil (five turns; 3 mm in diameter) in the center of the left upper eyelid, at 2 mm from the lid margin (see Fig. 1 A) . The coil was made from Teflon-coated multistranded stainless steel wire, with an external diameter of 50 m. Eyelid movements were recorded with the magnetic search-coil technique (Gruart et al., 1995) . Animals were also implanted with two hook electrodes, bared 1 mm at their tips, in the ipsilateral orbicularis oculi muscle, for electromyographic (EMG) recordings. Recording electrodes were made of the same wire. A stimulating bipolar (200 m enamel-coated silver wire) electrode was implanted in the magnocellular division of the contralateral red nucleus for the antidromic activation of recorded interpositus neurons. A recording window (5 ϫ 5 mm) was opened in the occipital bone to allow access to the interpositus nucleus. The dura mater was removed, and an acrylic chamber was constructed around the opening. The cerebellar surface was protected with a piece of silicone sheet and sterile gauze and capped with a hermetic plastic cover. A head-holding system was attached to the skull at stereotaxic coordinates. Wires were soldered to a socket fixed to the holding system. A more detailed description of this chronic preparation was published previously (Gruart et al., 1995 (Gruart et al., , 2000 .
Guide cannula implantation. Recording sessions started 2 weeks after surgery. Deep cerebellar nuclei were explored with glass microelectrodes (2 M NaCl; 3-5 M⍀ of resistance) to locate the interpositus area related to eyelid responses (Gruart et al., 2000) . Once this area was found, a guide cannula consisting of a 21 gauge stainless steel needle was implanted to a depth of up to 1 mm over the selected site. The cannula was maintained sterile and protected by a removable 25 gauge stainless steel rod during nonrecording periods. After cannula implantation, the cerebellar surface was protected with a sterile silicone sheet, and the chamber was sealed with acrylic cement.
Reflexively evoked blinks. Three of the animals were selected at random for the study of air-puff-evoked eyelid responses during microstimulation of, or after muscimol injection into, the PIN. Recording sessions lasted Ͻ2 hr, for a maximum of 20 d. Reflex eyelid responses were evoked by an unconditioned stimulus (US) that consisted of air puffs (100 msec; 3 kg/cm 2 ) directed to the ipsilateral cornea. Classical conditioning. Six of the animals were selected for conditioning: three were assigned for microstimulation studies and the other three for muscimol injections. Conditioning sessions started 2-3 d after the guide cannula was implanted. Conditioning consisted of 4 habituation and 10 conditioning sessions. A delay (tone-air puff) conditioning paradigm was used. The conditioned stimulus (CS) consisted of a 370 msec, 600 Hz, 90 dB tone. The US started 270 msec after CS onset and consisted of a 100 msec, 3 kg/cm 2 air puff directed to the left cornea (the same as that presented during reflexively evoked eyelid responses). The US coterminated with the CS. A conditioning session consisted of 12 blocks separated by a variable (5 Ϯ 1 min) interval. Each block consisted of 10 trials separated by intervals of 30 Ϯ 10 sec. The CS was presented alone in the first trial of each block. A complete conditioning session lasted for ϳ2 hr. The CS was presented alone during habituation sessions for the same number of blocks per session and trials per block. As criterion, we considered a CR to be those eyelid movements appearing in response to CS presentation with Ͼ3 degrees (deg) of amplitude and a latency of Ͼ40 msec, and in absence of any other eyelid response in the preceding 200 msec.
Electrical stimulation and microinjections. Microstimulations and muscimol injections performed during conditioning sessions were similar to those during reflexively evoked eyelid responses. Data were collected 1 d after the 10th conditioning session (see Fig. 6 ).
For microstimulation, we used cathodal, square pulses of 50 sec and 50 A. Pulses were presented at 1 or 20 Hz. Trains of 20 Hz pulses never lasted Ͼ1 sec. These stimulation patterns were selected according to the indications of a previous study (Gruart et al., 2000) . Microstimulation was performed with the help of homemade, bipolar, concentric, stainless steel electrodes with an external diameter of 25 gauge and a resistance of 1-1.5 M⍀. The stimulating electrode was allowed to project 1.5 mm beyond the guide cannula tip. When presented simultaneously with the CS, the train of stimuli was set to start 40 msec after the beginning of the tone.
Injections of muscimol (Sigma, St. Louis, MO) were made with the help of a Hamilton syringe (1 l) connected by a calibrated plastic tube to a 25 gauge stainless steel needle inserted inside the guide cannula. Injections were performed at a rate of 0.25 l/min. In total, 1.25 g/kg of muscimol dissolved in 1 l of artificial CSF, pH 7.4, was injected 20 min before conditioning sessions.
Histology. At the end of the experiments, animals were deeply reanesthetized (50 mg/kg sodium pentobarbital, i.p.). Electrolytic marks were placed at the recording, injection, and microstimulation sites with the help of a tungsten microelectrode (1 mA for 30 sec). Animals were perfused transcardially with saline and phosphate-buffered formalin. Serial sections (50 m) of the cerebellum were mounted on glass slides and stained with toluidine blue, for confirmation of stimulating and recording sites.
Data collection and analysis. Eyelid position, EMG and neuronal activity, and 1 V rectangular pulses corresponding to CS and US presentations were stored digitally on a computer using an analog-digital converter (CED 1401 Plus; Ceta Electronic Design, Cambridge, UK), at a sampling frequency of 11-22 kHz and an amplitude resolution of 12 bits. Commercial computer programs (Spike 2 and SIGAVG; Ceta Electronic Design) were modified to represent instantaneous firing rate, EMG recordings, and eyelid position and velocity. The instantaneous firing rate was calculated as the inverse of the interspike intervals (see Fig. 1C ). Velocity and acceleration profiles were computed digitally as the first and second derivatives of eyelid position records after low-pass filtering of the data (Ϫ3 dB cutoff at 50 Hz, with a 0 at Ϸ100 Hz). Data were processed for statistical analysis using the SPSS for Windows package. Unless indicated otherwise, data are represented by the mean Ϯ SEM. The power of the spectral density function (i.e., the power spectrum) of selected segments from eyelid acceleration records was calculated using a fast Fourier transform to define the relative strength of the different frequencies present in eyelid responses. Significance of power spectra peaks was tested with the 2 -distributed test for spectral density functions (Gruart et al., 1995; Domingo et al., 1997) . Collected data were analyzed using ANOVA with time or session as repeated measure, coupled with contrast analysis when appropriate. Singular differences between control and muscimol groups were analyzed with Student's t test.
Results
During preliminary sessions, the deep cerebellar nuclei were systematically recorded to find unitary activity related with eyelid responses. The unitary activity was recorded during the random presentation of blink-evoking stimuli (Fig. 1 A) . This procedure took up to eight recording sessions. In total, 135 U recorded in cerebellar nuclear areas met the double criteria of being antidromically activated from the red nucleus and identified by collision test, and of responding to air puffs applied to the ipsilateral cornea. The location of these units, according to Berman's atlas (Berman, 1968) , and as confirmed later by histological procedures, was as follows: 2% of the neurons were located at fastigial nucleus, 18% at anterior interpositus nucleus, 57% at PIN, and 23% at dentate nucleus. Because of their firing during spontaneous and reflex eyelid responses, and in accordance with previous reports (Van Kan et al., 1993; Gruart and Delgado-García, 1994) , the larger number of recorded neurons (98 of 135) was classified as type A (i.e., those firing during active blinking), whereas the others (37 of 135) were classified as type B (i.e., those with a sustained firing that decreases to a stop during downward eyelid responses).
For all of the animals (n ϭ 9), and as confirmed by the histological study, the dorsomedial part of the PIN was found to contain the densest concentration of neurons (76 of 135) related to reflex eyelid responses (Fig. 1 D) , and it was chosen for developing the rest of the experiments. Posterior interpositus type A neurons (55 of 76) were identified by their antidromic activation (0.57-0.81 msec) from the contralateral red nucleus (Fig. 1 B) . Neuronal firing increased during downward movements of the upper eyelid, lagging lid displacement by Ͼ10 msec (Fig. 1C) . Neuronal discharge rates were related either to eyelid position (gain 0.5-8.0 spikes/deg; r Ն 0.8; p Յ 0.05) or to eyelid velocity (0.06 -0.20 spikes ⅐ deg Ϫ1 ⅐ sec Ϫ1 ; r Ն 0.8; p Յ 0.05). Posterior interpositus type B neurons (21 of 76) were also antidromically activated from the red nucleus (0.81-1.20 msec) and presented a noticeable inhibition in their firing that was coincidental with the downward displacement of the upper eyelid during reflexively evoked blinks (Gruart and Delgado-García, 1994) . Finally, once the area of study had been selected, the guide cannula was implanted and the designed experiments were started.
As illustrated in Figure 2 B, microstimulation of the PIN at 20 Hz for 1 sec evoked a ramp-like downward displacement of the upper eyelid more similar in its profile to a CR than to a reflex blink (Gruart et al., 1995) . Each single pulse evoked an eyelid displacement lasting for Ϸ50 msec, with amplitudes ranging from 0.5 to 2 deg (i.e., 1 ⁄40-1 ⁄10 of maximal eyelid response) and a peak velocity of 40 -180 deg/sec (Fig. 2 A) . Given their small amplitude, eyelid displacements evoked by PIN microstimulation produced minor modifications in air-puff-evoked blinks (data not shown). The trains of stimuli applied at the PIN did not evoke any long-term potentiation (or depression) of the motor effects evoked by a single stimulus presented at 1 Hz (Fig. 2C) . Accordingly, the effects of PIN microstimulation on reflex and conditioned eyelid responses described below cannot be ascribed to plastic changes evoked in the cerebellar and brainstem circuits involved.
A single injection of muscimol (1.25 g/kg) in the same PIN site produced a decrease (of up to 20% of the initial response) in the amplitude of air-puff-evoked blinks (Fig. 3A) . Reflex blinks were significantly ( p Ͻ 0.001) smaller (34%; n ϭ 5; in three animals) 5 min after the injection. The effects of muscimol were still clearly noticeable (93%; p Ͻ 0.001) 70 min after its injection but were completely removed after 24 hr (Fig. 3B ). Interestingly, muscimol had no significant effect on the latency of reflexively evoked blinks. Muscimol also decreased the amplitude of eyelid responses evoked by US when this was applied as part of a CS-US pair presentation (i.e., when the air puff was paired with a tone as a CS). As illustrated in Figure 3 , C and D, the normalized ampli- tude of unconditioned eyelid responses decreased by 20% ( p Ͻ 0.05) during the two conditioning sessions (fifth and sixth) in which muscimol was injected (n ϭ 3 animals). Here again, muscimol did not produce any change in the latency of unconditioned responses.
We also studied the effects of PIN muscimol injection and microstimulation on the performance of eyelid CRs. As shown in Figure 4 A, muscimol injection into the PIN during the fifth and sixth conditioning sessions decreased the amplitude of evoked CRs by 50% ( p Ͻ 0.001; ANOVA). However, this decrease in amplitude was not enough to produce CRs smaller than the criterion selected for the study. For this reason, the learning curve in those animals (n ϭ 3) was not affected by muscimol injections (Fig. 4 B, unfilled circles and dotted line) . In contrast, microstimulation of the PIN increased the amplitude of the evoked CRs (Fig. 4C) . In fact, the mean amplitude of CRs obtained during sessions in which microstimulation was performed (fifth and sixth) was Ͼ150% larger ( p Ͻ 0.01) than expected. Here again, microstimulation did not modify the percentage of CRs obtained according to the selected criterion (Fig. 4 D, unfilled circles and  dotted line) .
A detailed analysis of CR kinematics was made for controls and after muscimol injection or electrical microstimulation (Fig.  5) . A typical CR consisted of a ramp-like, downward displacement of the eyelid, with a wavy appearance (Fig. 5A) . Its peak velocity was always Ͻ200 deg/sec, i.e., 10% of that reached by reflex blinks in cats (Gruart et al., 1995) . The mean power spectra 2 ) eyelid responses. Time after drug injection is indicated. B, Quantitative data from the experiment in A, collected (n ϭ 5 times) from the three nonconditioned animals. Data were normalized by dividing each collected value by the corresponding value obtained at 0 min. Means Ϯ SEM latency (unfilled circles and dotted line) and amplitude (filled circles and dashed line) of evoked eyelid responses are indicated. Note that the amplitude of air-puff-evoked eyelid responses was completely recovered 24 hr after muscimol injection. C, Latency (a) and amplitude (b) of reflex eyelid responses to the same air puff used in A and B, but presented as part of a CS-US pair, after the injection of muscimol (1.25 g/kg). The drug was injected 20 min before the fifth conditioning session (S5). D, Quantitative data from the experiment in C, collected from three animals. Muscimol was injected before the fifth and sixth conditioning sessions. Data were normalized by dividing each collected value by the maximum value obtained in any of the conditioning sessions. Note a significant decrease in the amplitude of the evoked eyelid response (filled circles and dashed line), but not in its latency (unfilled circles and dotted line). *p Ͻ 0.05; ***p Ͻ 0.001 (ANOVA).
Figure 4. Effects of muscimol or microstimulation on the percentage and amplitude of CRs.
A, Representative examples of CRs evoked by the presentation of the CS alone, collected from the fourth, fifth, and seventh conditioning sessions. Muscimol (1.25 g/kg) was injected 20 min before the fifth session. B, Quantitative analysis of data collected from three animals (mean Ϯ SEM). Muscimol was injected before sessions 5 and 6. Note that, according to the selected criterion, the expected percentage of CRs (unfilled circles and dotted line) was not modified by muscimol, but the amplitude of the evoked CRs (closed circles and dashed line) was significantly decreased (***p Ͻ 0.001; ANOVA). C, Representative examples of CRs evoked by single CS presentation without (4th and 7th sessions) and with (5th session) microstimulation (20 Hz for 1 sec; pulses of 50 sec and 50 A) of the posterior interpositus nucleus. D, Quantitative analysis of data collected from three animals (mean Ϯ SEM). Microstimulation was applied during trials in which the CS was presented alone. Note that, according to the selected criterion, the expected percentage of CRs (unfilled circles and dotted line) was not modified by the microstimulation, but the amplitude of the evoked CRs (filled circles and dashed line) was significantly increased (**p Ͻ 0.01; ANOVA).
of acceleration profiles (n ϭ 12) collected from CRs presented a significant ( p Ͻ 0.01) peak at 18 -20 Hz, over a broad band of frequencies between 10 and 30 Hz (Fig.  5D ). In comparison, CRs evoked after muscimol injections were Ͼ50% smaller in amplitude ( p Ͻ 0.001) and with a less defined power spectra profile (Fig. 5B,D) . Finally, microstimulation of the PIN simultaneously with CS presentation evoked larger (Ͼ130%; p Ͻ 0.01) CRs than in controls, with a noticeable wavy appearance (Fig. 5C) . Obviously, the mean power spectra of these CRs presented a significant peak at 20 Hz ( p Ͻ 0.001) (Fig. 5D) .
The internal structure of well defined CRs was analyzed further. The succession of small (2-3 deg in amplitude) waves that composed a CR showed no significant tendencies with respect to their duration or that of the reciprocal duration, i.e., the instantaneous frequency (data not shown) (but see Domingo et al., 1997) . Within a given CR, the successive waves decreased exponentially in peak velocity (Fig. 5E , filled circles and continuous line). The presence of muscimol damped the amplitude of these oscillations (Fig. 5D,E) , whereas microstimulation of the PIN increased them (Fig. 5D,E) . During microstimulation, the exponential decay in the successive peaks of velocity during a CR was still present (Fig. 5E) .
The effects of combined microstimulation and muscimol injection of the PIN on the performance of CRs were also analyzed (Fig. 6) . These experiments were performed on the six conditioned animals 1 d after the 10th conditioning session. Three of the animals were injected with muscimol, and the other three were left as controls. In this case, a total of 30 single CS presentations were performed, intermingled with a total of 90 CS-US paired presentations. Data were collected from CS-alone presentations. Microstimulations shown in Figure 6 B were performed at random during block intervals. As illustrated, CRs evoked in controls were larger than those evoked after the injection of muscimol (15.1 Ϯ 3 vs 7.5 Ϯ 2.2 deg; p Ͻ 0.001; Student's t test) (Fig. 6 A) . However, the electrical stimulation of the PIN evoked eyelid displacements of the same peak amplitude in both groups (6.7 Ϯ 2.4 vs 7.4 Ϯ 1.3 deg) (Fig. 6 B) . The simultaneous presentation of the CS and the PIN microstimulation evoked larger responses than the CS alone in both control and muscimol groups. In this situation, no significant difference was observed between the CRs evoked in control (22.5 Ϯ 2.7 deg) and muscimol (20.4 Ϯ 5.7 deg) groups (Fig. 6C) . It is important to note that the CR evoked in controls by the simultaneous presentation of the CS and the PIN microstimulation was similar in amplitude (22.5 deg) to that of CRs evoked by the CS alone plus the microstimulation alone (15.1 ϩ 6.7 ϭ 21.8 deg). In contrast, the simultaneous presentation of CS and microstimulation, in muscimol-injected animals, produced a larger CR (20.4 deg) than the aggregate value of CS and microstimulation presented alone (7.5 ϩ 7.4 ϭ 14.9 deg; p Ͻ 0.01; ANOVA).
Discussion
Posterior interpositus nucleus as a site controlling reflex and learned eyelid responses According to the present results, a very definite area of the interpositus nucleus is involved in the control and performance of both reflex and newly acquired eyelid responses. However, the PIN cannot be considered the sole place in which learned eyelid responses are generated and stored (Krupa et al., 1993; Mauk, 1997; Christian and Thompson, 2003) , for the following reasons. PIN microstimulation increased CR amplitude, without changing the percentage of CRs expected in the corresponding conditioning session; thus, PIN microstimulation modified the kinetic properties of CRs, including their timing (Figs. 5C, 6C) but not the probability of their appearance. Muscimol depression of PIN Figure 5 . Frequency and peak velocity characteristics of eyelid CRs in controls and after muscimol injection into, or microstimulation of, the PIN. A-C, Examples of eyelid CRs obtained by the single presentation of the CS in a control animal ( A) and after muscimol injection into ( B) or electrical microstimulation of ( C) the PIN. The velocity profiles of the evoked CRs are also illustrated. Note the oscillation in position and velocity traces, and the decrease in velocity of the successive peaks, in the illustrated CRs. D, Mean power spectra of acceleration records (n ϭ 12) collected from controls and after muscimol injection or microstimulation. The 100% value for the y-axis was 16 ϫ 10 5 deg/sec 2 . E, Evolution of peak velocity of the successive eyelid downward sags as a function of time from CS presentation. Equations corresponding to the exponential line best fitting the data are shown for control (filled circles and continuous line), muscimol (unfilled circles and dotted line), and microstimulation (gray circles and dashed line) groups. Significance for fitted lines was p Ͻ 0.01. activities decreased CR amplitude, without changing the expected number of CRs; moreover, and as it was pointed out previously (Welsh and Harvey, 1989; Welsh, 1992) , muscimol also modified the amplitude of evoked blinks by paired and unpaired US presentations. The same results have been reported in cats and rabbits, using similar conditioning paradigms (Bracha et al., 1994 (Bracha et al., , 1999 , suggesting that PIN neurons are involved in the control of any kind of eyelid response and not only in those acquired by associative learning. As described previously (Gruart and Delgado-García, 1994; Gruart et al., 2000; Delgado-García and Gruart, 2002) , and confirmed here for US presentations, the firing activity of PIN neurons always starts after the onset of reflex and acquired eyelid responses. The enhancer effects of the PIN on CRs can be produced, after muscimol injection, by the mere microstimulation of involved PIN neurons. In this regard, it has to be pointed out that microstimulation of PIN neurons can activate their initial axon segments even if their somatic and dendritic compartments are hyperpolarized by the action of muscimol (Llinás and Mühlethaler, 1988) .
Muscimol and microstimulation effects on posterior interpositus neurons on reflex and learned eyelid responses
It is generally accepted that the chemical inactivation of interpositus neurons with muscimol prevents the acquisition and extinction of nictitating membrane-eyelid CRs (Krupa et al., 1993; Hardiman et al., 1996; Mauk, 1997; Christian and Thompson, 2003) . In the present experiments, eyelid CRs were already acquired when muscimol was injected. In this situation, a significant reduction in amplitude, but not a complete abolition, of the evoked CRs was observed. A different susceptibility between rabbits (Krupa et al., 1993; Bracha et al., 1994; Hardiman et al., 1996) and cats (Bracha et al., 1999; Gruart et al., 2000) to muscimol injections in cerebellar structures has recently been proposed to explain the different strength of the CR inhibition observed in the two species (Bracha et al., 1999) . The same suggestion is applicable to the effects of cerebellar nuclei lesions in rabbits compared with cats (Yu and Eidelberg, 1983; Yeo et al., 1985; Bracha et al., 1999) . Moreover, the presence of even larger differences between the two species in the functional properties of their facial (Bracha et al., 1994 (Bracha et al., , 1999 Gruart et al., 1995; Leal-Campanario et al., 2004) and ocular (Graf and Simpson, 1981) motor systems should be taken into account. For example, the contribution of the retractor bulbi system to conditioned eyelid-nictitating membrane responses in rabbits is extremely important, whereas accessory abducens motoneurons (i.e., the main source of innervation to the retractor bulbi muscle) do not fire at all during the performance of CRs in cats, a fact indicating that this plastic function is expressed exclusively by the facial motor nucleus in the latter species (Trigo et al., 1999; Leal-Campanario et al., 2004) . Thus, the differences in cerebellar modulation of learned blink responses seen in different species should be viewed as a continuum of degrading eyeblink amplitude, rather than a quantal effect during which the acquired behavior is completely abolished by cerebellar inactivation, or not at all (Welsh and Harvey, 1989) .
We found here that the deep cerebellar nuclei area more directly involved in eyelid responses corresponds to the dorsomedial part of the PIN. This finding is in agreement with previous mapping studies in cats (Gruart and Delgado-García, 1994 ) and monkeys (Van Kan et al., 1993) . In contrast, using the lesion approach, the anterior interpositus nucleus has been related to eyeblinks in rabbits, primarily regarding the classical conditioning of the nictitating membrane response (Yeo et al., 1985; Hardiman et al., 1996; Krupa and Thompson, 1997) . The unitary recordings performed here helped us to determine precisely the interpositus site involved in eyelid responses. Moreover, because axonal projections from PIN neurons run rostrally, they are always affected by lesions performed in the anterior part of the nucleus. In the same way, muscimol injections given in the latter region could easily spread to the rostral pole of the PIN. Finally, and as reported here, the use of sensitive recording techniques (Gruart et al., 1995; Koekkoek et al., 2003) to measure eyelid position is necessary to determine the presence or absence of a true CR, as well as in relation to the analysis of its proper profile, Figure 6 . Effects of muscimol injection into and/or microstimulation of the PIN on eyelid CRs evoked in well trained animals. Records were performed 1 d after the 10th conditioning session. A, CRs evoked by the single presentation of the CS without (control) and after the injection of muscimol (1.25 g/kg). Note the smaller (n ϭ 30; ***p Ͻ 0.001; Student's t test) amplitude of CRs evoked under muscimol (histograms on the right). B, Eyelid responses evoked by electrical microstimulation (St) of the PIN without (control) and after injection of the drug. Note that in this case the amplitude of evoked eyelid responses was similar in the two situations (n ϭ 30; Student's t test; histograms on the right). C, CRs evoked by the single presentation of the CS without (control) and after injection of the drug in the presence of the electrical microstimulation of the PIN. Note that there was no significant (n ϭ 30; Student's t test) difference in the amplitudes of the evoked CRs in the two situations (histograms on the right).
timing, and kinematics (Delgado-García and Gruart, 2002; Koekkoek et al., 2003) .
The effect of microstimulation of the PIN, even in well trained animals, was an eyelid response that resembled a CR profile but did not reach the amplitude of a control CR. Only the combined presentation of the CS and microstimulation produced a significant increase in the amplitude of the evoked eyelid CR. Interestingly, this effect was obtained even after an injection of muscimol into the stimulated PIN. These results indicate that, in addition to the PIN, other cerebral structures need to be simultaneously active for a complete CR to occur (Delgado-García and Gruart, 2002) .
Microstimulation of the PIN did not evoke any plastic change in the functional capabilities of the cerebellar and brainstem circuits involved, which were checked by single pulses applied to this structure before and after intensive train stimulation of selected PIN sites. Furthermore, single and train stimuli applied to the PIN were unable to evoke reflex-like eyelid responses, indicating that this neural structure is unable per se to initiate noticeable blinks, unless in the presence of facilitative inputs arriving at orbicularis oculi motoneurons from trigeminal (for reflex) and cortical (for learned) origins (Aou et al., 1992; Trigo et al., 1999) . The presence of extracerebellar components in learned eyelid responses has also been demonstrated recently in mutant mice in which the induction of long-term depression at the parallel fiberPurkinje cell synapse is impaired (Koekkoek et al., 2003) .
A damping role of interpositus nucleus on eyelid responses
According to the present results, the PIN plays an important role in damping the natural oscillatory properties of the neuromuscular elements involved in eyelid kinematics (Domingo et al., 1997; Trigo et al., 1999) . Thus, muscimol injections damped the typical Ϸ20 Hz oscillation present in CRs, whereas microstimulation enhanced it. In fact, an oscillation of the same dominant frequency (Ϸ20 Hz) has been recorded in the EMG activity of the orbicularis oculi muscle (Domingo et al., 1997) , in the membrane potential of rat facial motoneurons recorded in vitro (Magariños-Ascone et al., 1999) , in the discharge rate of facial nucleus motoneurons recorded in alert behaving cats (Trigo et al., 1999) , and in firing activities of motor cortex neurons during performance of CRs in cats (Aou et al., 1992) . In contrast, our data do not support any role of interpositus nucleus in the initiation of acquired eyelid responses, but it might participate in their proper timing with respect to the US presentation (Koekkoek et al., 2003) . It can also be suggested that perhaps this function is further expanded to the overlying cerebellar cortex and/or to different cerebellar nuclear structures (e.g., the lateral part of the dentate nucleus), i.e., to areas not yet explored with this experimental approach.
According to the above, a putative role of Purkinje cell modulation of nuclear neuron firing could be to damp the natural tendency of PIN neurons to oscillate at the same frequency as the whole facial motor system. In this regard, it has been shown that some PIN neurons (named type A, as here) increase their discharge rate during the CR, with a noticeable wide range in latencies in relation to CR onset (Gruart et al., 2000) . A sequential and out-of-phase release of the activity of type A neurons will certainly be helpful for a proper performance of consolidated eyelid CRs. A similar damping role for interpositus neurons during arm-reaching responses was suggested previously, based on data collected from behaving monkeys (Thach et al., 1992) .
In summary, results obtained by subjecting the PIN to microstimulation and muscimol injections helped us to understand the data collected previously with unitary recordings (Gruart and Delgado-García, 1994; Gruart et al., 2000) in the same area, demonstrating an enhancer role of interpositus neurons in the performance and proper timing of eyelid CRs (Welsh and Harvey, 1991; Delgado-García and Gruart, 2002; Seidler et al., 2002; Koekkoek et al., 2003) but not in their initiation and/or the storage of acquired memories.
